Abstract. The present study defines criteria for evaluation of intermodal passenger and freight transportationintegrated railway and road transport (motorail trains and Ro-La trains). This type of transportation improves the efficiency of distribution in the supply chain. Two variants of criteria are studied in the paper -main and extended. The main criteria are divided into four groups: environmental, economic, technological and social. Eleven factors have been examined in the extended criteria: environmental, operating costs, transportation fares, infrastructure charges, duration of transportation, transportation from door to door, duration of transshipment operations, comfort, safety, reliability and stability. The method of multi-criteria analysis Decision Making Trial and the Evaluation Laboratory (DEMATEL) method have been applied to analyze the importance and the relations among the criteria. The summarized results of both variants are similar. They show that the economic criteria have the greatest impact. Operating costs are the key factor among the extended variant of criteria. Other criteria of great importance are also duration of transportation and transport from door to door. The defined criteria can be applied for the evaluation, comparison and selection the transportation with different modes of transport.
Introduction
Intermodal transportation combines two or more modes of transport to achieve the most economic, efficient and environmentally-friendly transportation of goods and passengers to a destination.
Multi-criteria analysis methods allow for evaluation of the defined criteria. The most often used multi-criteria method for decision making is the Analytic Hierarchy Process (AHP). The Decision Making Trial and Evaluation Laboratory (DEMATEL) methodology has been used by various researchers to solve problems in different areas and to analyse interrelationships among criteria. The DEMATEL method has been applied in transport to evaluate criteria for maritime transport [10] ; for vehicle fleet maintenance management [11] ; for tourism marketing [12] ; in supply chain management [13] . The DEMATEL approach has been applied in [14] , where thirteen criteria are defined in order to study the influential criteria of carbon management in green supply chain. This paper aims to propose an approach for examining the criteria for intermodal transportation, their impact and relationship by taking into account the transportation process. In this paper we have studied intermodal passenger transport -motorail trains, which offer convenience for passengers to travel from door to door in their own car and intermodal freight transport -Rolling Highway (Ro-La), when the truck, including the driver, travel by train.
Materials and methods
In the paper two variant groups of criteria have been proposed for the study of intermodal motorail and Ro-La transportation:
Variant 1: Main group of criteria • F1: Environmental criteria. These criteria include carbon dioxide and pollutant emissions during transportation. Intermodal transport is environmental friendly. Most railways where intermodal trains run are electrified, thus the carbon dioxide emitted during the production of the electricity should be taken into account.
• F2: Economic criteria. It includes the operational costs, fares, infrastructures charges, ticket price.
• F3: Technological criteria. This criterion contains the time spent travelling in hours, possibility of transportation from door to door, duration of transhipment operations.
• F4: Social criteria. It refers to comfort, safety and reliability. Variant 2: An expanded group of criteria • S1: Environmental criterion. This criterion is the same as F1 criterion in Variant 1.
• S2: Operational costs for intermodal transportation. They include the cost of power consumption, maintenance and repair of rolling stock, personnel, depreciation allowances and other operational expenses.
• S3: Transportation fare. For intermodal passenger transport -motorail trains -the fare includes the ticket for transportation, the fare for loading the car onto the wagon. For intermodal Ro-La transport this fare includes everything provided for in the tariffs of the carrier as basic and additional charges.
• S4: Infrastructure charges. They depend on the distance of transportation and on gross weight.
Gross weight depends on the number of wagons in the composition of the train; the capacity of the railway infrastructure.
• S5: The duration of transportation with motorail or Ro-La trains. It depends on the condition of the railway infrastructure and the rolling stock.
• S6: Transport from door to door. For intermodal passenger transport -motorail -this means the possibility for a passenger to travel from their home to the station in their own car, then load the car on the motorail train and in the final station again to travel by car to the final destination. For intermodal Ro-La transport this means to carry cargo from the start to the final point in one loading unit without overloading.
• S7: Duration of transhipment operations. It depends on the technique of overloading.
• S8: Comfort. For motorail trains this is expressed by the possibility for passengers to have a rest while traveling; to use the toilet, the restaurant, and Internet; the possibility for passengers to move around during transportation. In accompanied Ro-La transport truck drivers can relax during the journey in a separate car. In unaccompanied Ro-La transport drivers do not travel with the trucks and can relax until the next shipment.
• S9: Security. The big distance on the itinerary of the intermodal passenger and cargo transport under study is covered by railway transport which is characterized by a high degree of security because the movement is carried out in an independent infrastructure. • S10:Reliability. This is means meeting the deadline for the delivery of cargo and accurate schedule of trains.
• S11: Stability. There is lack of dependence between intermodal transportation and season.
This research applies the DEMATEL method to study the criteria and their interdependencies and so convert the relationship between the causes and effects of criteria into a structural model.
The procedure of DEMATEL method is summarized as follows [11] :
Step 1: Create experts' perception matrixes X 1 , X 2 , …, X H , where k = 1, … , H is the number of experts. The number of factors that have to be evaluated is n. Each expert evaluates the direct influence between any two factors by an integer score with a following meaning: 0 -no influence; 1 -low influence; 2 -medium influence; 3 -high influence; 4 -very high influence. For each expert k, an nxn non-negative matrix can be established as
, where n is the number of criteria.The notation of x ij indicates the degree to which the expert assesses the factor I affects the factor j. For i = j, the diagonal elements of each expert answer matrix are set to zero.
Step 2: Calculate the average perception matrix
To include all opinions from the experts, the average answer matrix could be calculated as follows:
Step 3: Calculate the average normalized perception matrix
where A -average answer matrix;
S -major value of the sum of each column j of the matrix A and the major value of the sum of each row i of the matrix A.
The value of S is calculated as follows:
The values of each element in the matrix D are between zero and one.
Step 4: Calculate the total relation matrix
( )
where I -nxn identity matrix.
The sums of rows and columns of the matrix are represented by a vector and a vector
where r i -sum of the i-th row in the matrix T.r i shows the total effect, both direct and indirect effects by the i-th factor on the other factors.
It summarizes both direct and indirect effects given by the factor to the other factors
where c j -denotes the sum of j-th column in the matrix T.c j shows both direct and indirect effects by the factor j from the other factors. ' -symbol means transposed matrix.
In the case of i = j, term (r i + c i ) indicates a degree of importance of the factor in the system. The sum (r i + c i ) gives an index (the position) representing the total effects both given and received by the -th factor. The term (r i -c i ) represents the net effect that the criterion contributes to the system in relation to other factors. If (r i -c i ) is positive, the factor is a net cause, if (r i -c i ) is negative, the factor is a net receiver [15] .
The normalized degree of influence of each criterion can be determined as follows:
Step 5: Set a threshold value p and obtain a cause and effect relationship diagram. This calculation is aimed to eliminate some minor effect elements in matrix T. The value of p can be obtained in different ways. In [16] the value p is determined as an average value of the elements of the matrix T. In [17] the threshold value is determined by adopting the concepts of fractional factorial design, in [12] this value is defined by using the maximum mean de-entropy algorithm. The threshold value can be set by experts, [17] . In this research the threshold value is determined as average value as follows:
where N -total number of elements in the matrix T.
The threshold value serves to determine the relationships in the considered system. The value of elements of the matrix T, which are smaller or equal to the adopted value p, is set to zero. The other elements of the matrix T which are larger than the adopted value p, retain their present value.
The relationship diagram is constructed by mapping all coordinate sets by (r i + c i ), (r i -c i ) to visualize the complex interrelationship and provide information to determine, which are the most important factors and how they influence the affected factors. The diagram includes the factors that t ij is greater than the threshold value p. Based on the coordinate positions of (r i + c i ) and (r i -c i ) , the attributes can be divided into the following 4 types: if (r i -c i ) is positive and (r i + c i ) is large, this indicates that the criteria are causes, which are also key factors for solving problems; if (r i -c i ) is positive and (r i + c i ) is small, this indicates that the criteria are independent and can influence only a few other factors; if (r i -c i ) is negative and (r i + c i ) is large, this indicates that the criteria are the core problems that must be solved; however, these are effect-type criteria, which are of indirect impact; if (r i -c i ) is negative and (r i + c i ) is small, this indicates that the factors are independent and can be influenced by only a few other attributes.
Results and discussion
The evaluation of criteria by 23 experts is used to research the two variants. The experts are specialists with long experience in transport (6), specialistsfrom the railway and automotive administration (4), managers of transport companies (5), researchers with wide knowledge of quality management (5) and truck drivers (3). The study was conducted as each expert fills a table with score of the pair-wise comparisons between the criteria using assessments (0 to 4) according to step 1 of the method. This is done separately for variant 1 and variant 2. MS Excel was used to process the results and conduct the study. Table 1 shows the average value of the assessments of the experts for variant 1 using formula (1). Table 2 presents the results of total relation matrix and indirect influence for variant 1. In this table in bold the values equal or greater than the threshold value are indicated. The threshold value determined by formula (8) for variant 1 is 0.246. The sum of columns and rows (R + C) called "Prominence" means that all criteria are relatively important. According to the difference (R -C) named "Relation" the criteria are divided into a cause and effect group depending upon the positive and negative values of all the elements in the(R -C) column.
The importance of the criteria can be prioritized by the (R + C) column.Considering the value of their respective (R -C) score the criteria have been divided into cause group factors and effect group factors. The cause group factors have a direct impact on the overall system. The results in Table 2 show:
• F2criterion (Economic criteria) has the highest degree of importance.
• The prioritization is F2>F3>F4>F1.
• F2 and F3 criteria (Economic and Technological criteria) have close values.
• According to the results and Table 2 the F2criterion is in the cause group ((R -C) is positive).
• The criteria in the effect group are F1, F3 and F4 ((R -C) are negative). They are influenced by other factors.
•
Of all the effect group factors F3 (Technological criteria)obtain thelowest (R -C) score, i.e. -0.44, which implies that this factor receives the maximum impact from all other factors. This criterion is in the second position of importance according to (R + C) score. • It can be seen that for F2 (R -C) is positive and (R + C) is large. This indicates that the F2 criterion (Economic criteria)is a key factor for solving problems. • F1criterion (Environmental criteria)has negative (R -C)and small (R + C), which shows that it is independent and can be influenced by a few other factors.
• F3 and F4 criteria (Economic and Technological criteria)have negative (R -C)and large (R + C). This shows that they have indirect impact on the studied system. Table 3 shows the average value of the assessments of experts for variant 2. Table 4 presents the Total Relation Matrix for this variant. The threshold value is 0.0754. In Table 4 in bold the values equal or greater than the threshold value are indicated. Table 5 shows the direct and indirect influence for Variant 2. Table 3  Average Matrix of Variant 2   S1  S2  S3  S4  S5  S6  S7  S8  S9  S10 S11  S1  0 • S2criterion (Operational costs) has the highest degree of importance.
• The prioritization is S2>S5>S6>S3>S1>S8>S9>S4>S7>S10>S11.
• S1, S5 and S6 criteria (Environmental criterion, Duration of transportation, Transport from door to door) have an importance close to that of S2 criterion.
• S2, S3, S4, S7, S10 and S11criteria (Operational costs, Transportation fare, Infrastructure charges, Duration of transshipment operations, Reliability, Stability)arein the cause group.
• Factors in the effect group are S1, S5, S6, S8, and S9criteria(Environmental criterion, Duration of transportation, Transport from door to door, Comfort and Security), and are influenced by other factors.
Of all the effect group factors S1 obtains the lowest (R -C) score i.e. -0.21, which implies that this factor receives the maximum impact from all other factors. This criterion is in the fifth position by importance according to (R + C) score. • It can be seen that for S2 (R -C) is positive and (R+C) is large. This indicates that the S2 criterion is a key factor for solving problems. • S5 and S8 criteria have negative (R-C)and large (R + C). This shows that they have indirect impact on the studied system. • S3, S4, S7, S10 and S11 criteria have positive (R -C) and small (R + C) which indicates that these criteria are independent and influenced only by a few other factors.
• S1, S6 and S9 criteria have negative (R -C) and small (R + C), which shows that they are independent and can be influenced by a few other factors. The results given in Fig.3 show that:
• The results from bothvariants are similar. This shows that the estimates of experts are correct.
• The economic criteria have the key impact for intermodal transportation. The study definestwo variants of criteria (main and extended)for examining intermodal transportation (motorail trains and Ro-La trains). 2. The DEMATEL method has been applied to study the impact and the influence of the criteria on one another. 3. The causal relations among the criteria for both variants are determined. The environmental, technological and social criteriaare influenced by other factors. 4. The economic criteria are the key factor among the main criteria and they are most important in the investigated system (34.43 %). The impact of other main criteria are: technological criteria (31.59 %), social criteria (24.47 %) and environmental criteria (9.5 %). 5. Operating costs are the key factor among the extended variant of criteria (18.93 %). Other criteria of great importance are also duration of transportation (13.42 %) and transport from door to door (11.98 %). 6. The main criteria give summarized information and could be used for preliminary studies of transportation. 7. The extended criteria give detailed information and could be used when selecting the transport technology. 8. The obtained results can be applied for further research about comparison and choice of the mode of transportation between two points with the participation of intermodal transport.
